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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE No. 1046

PRELINMINARY WIND-TUNNEL INVESTIGATION AT LO

SPEED OF STABILITY AND CONTROL CisRACTER-

By William Letko and Alex Goodman

SUMMARY

Tests were conducted on untaperecd constant-span
wings of 09, 309, 4,59, and 60° sweepback. The purpose
>f these tests was to investligate the effect of sweecpback
n stability and control characteristics.

The data showed large changes in longitudinal sta-
bility at moderate 1ift coefficients for the 4,50 and 60°
swept-back wings. The lateral stability, the slope of
the 1ift curve, and the effectiveness of the aileron and
the split flap at small angles of ‘attack vuried with
anglc of sweepback about as much 48 wbuld be expected
from simple theoretical consideratioiis., Spollers were
much less effective than would be Indicated by simple
theory. Ladd ;

A1l the swept wings with I'laps neutral reached a
maximum value of ubout 20° effective Gihedral at some
lift coefficlient. Drooping the wing tips decreased the
slopc of rolling-moment curve plotted uagainst angle of
yaw. Because the reduction, increased with increase in
1ift coefficient, drooping the tips sppeared to be a
promising means of reducing the unfavorable luteral sta-
bility characteristics of wings with large sweepback.

The ailerons were capuble of trimming out the rolling
moment caused by 'only small anglés of $ideslip for tlic
highly swept-back wings. 'The small change in pitching
moment caused by ‘alleron deflectioh inéicated that wing-
tip elevators having swept-back hinge lines would be
relatively ineffective on highly swept-back wings.

The maximum 1ift with flaps neutral remained sbout
the same for all angles of sweepback. The increment of
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meximum 1lift caused by the split-flap deflection decreased
with angle of sweepback to approximately O for the :
60° swept-back wing. _ S v

INTRODUGTION . " iy !

Much interest has been shown in the possibility of
using wings with large amounts of sweepback for high-
speed missiles and aircraft. Analyses presented in refer-
ences 1 and 2 show that the 1lift on a swept-back wing
depends primarily on the component of velocity normal to
the wlng leading edge. Reference 3 shows that this compo-
nent of velocity also 1s & most important factor in deter-
mining compressibility effects and points out that, from
conatderation of compressibility, the critical flight Mach
number of a swept-back wing should be higher than that of
an unswept wing. 1In order to minimize the adverse effects
of compressibility at high Mach numbers, the angle of
sweap should be such that the component of velocity normal .
to :the leading edge does not exceed that corresponding to
the eritical Mach number. of the airfoil sections. - ’

B

P

- -

Since very little data ure avallable on wings having
angles of sweep greater than 30°, tests of an exploratory
nature were made of wings having angles of sweepback ‘
of 0°, 309, 59, and 60%. These. tests were made in the
6- by 6-foot test section of the Langley stabllity tunnel:-
to investigate at low speeds the stabllity and control
! characterlistics of swept-back wings. The effect of .
sweepback on the effectiveness of an aileron, a split -
flap,. and a snoller was investigated for each sweepback
anzle tested. - The effect of a drooped tip was investi- :-
gated for the 459 swept-back wing, and the effect of .
increased aspect. ratio was investigated for the 0° and :.:
L45° swept-back wings. :

RS RETAR UL AT -
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Although these tests were made at low ailrspeeds, the
data. are also of importance in application to transonic
speed because, as pointed out in reference 3, if the
4 wings are tdesigned with proper sweep, the wing will have . “
] the same characteristics as at suberitical speed.
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SYMBOLS
The data are referrcd to the stability axes, whlich
are a syste f axes having their origin at the quarter

chord of the mean aerodynamic chord and.in which the
Z-axis is in the plane of symmetry and perpendicular to
the rclative wind, the X-axis i3 in the plune of symmetry
and perpendicular to the Z-axis, and the Y-axis is perpen-
dicular to the plane of symmetry. All moments are given
about the quarter chord of the mesn aerodynamic chord.

€, lift coefficient (f’-)

Cﬁn maximum 1ift coefficient
ax

cx longitudinal-force coefficient (% j :
" ; {
' Cy latéral-force coefficient [ == |
q \
. \
L!
Cy rolling-moment coefflieclient (-——
Pt ; M
Cm' pitching-moment coefficient [-—
qSc
Cn yawing-moment coefficient .
q8b
L 1lift
X longitudinal force
3 ¥ lateral force
L rolling moment about X-axis
M pitching moment about Y-axis

N yawing moment about Z-axis ¥
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dynamic pressure (%FV%)

mauss density of ailr
free-stream velocity
wing ares

chord of wing, measured parallel to axis of
symmetry

mean geometric chord of wing, measured parallel

7 ft/a
to axls of symmetry | c2 ab

vo

span of wing, measured perpendicular to axis of
symmetry

wmin

distance from leading edge of root chord to the
quarter chord.of the mean geometric chord

X b/2
- cx db
(o]
distance of the quarter-chord point of any chord-

wise section from the leading edge of root
section

slope of the curve of 1ift coefficlenti plotted
against angle of attack

slope of the curve of rolling-moment coefficlient
plotted against angle of yaw

slope of the curve of yawing-noment coefficient
plotted agalnst angle of yaw p

slope of the curve of rolling-moment coefficient
plotted agalinst alleron angle

angle of attack, measured in plane of symmetry,
degrees . d
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\ angle of yaw, .pasitive when right wing 1is back,
degrees i

A angle of sweepback, degrees

Bg aileron deflection, measured in a plane perpen-

dicular to. leading edge, degrees

Bp flap deflection, measured in a plane perpendicular
to leading edge, degrees ;

A aspect ratio (b2/s)

Ee¢ effective edge-veloclty correction factor for
1ift (reference l)

Ety effective edgé-velﬁcity correctlon factor for
rolling moment. (reference L) ‘

M aspect-ratio correction factor for 1lift

(;eA i Z)Q

A
E':C.r\ * e A=0

s 5 ’,
n' aspect-ratlo correction factor for rolling moment

A \
C;'e;, + J')o
F2I0 )
EteA + U =0

where subscript O refers to unsweot wings having the
same wing-panel shape as the swept-back wings, uand the
subscript A = 0 refers to the wing tested with zero
sweepback.

APPARATUS AND MODELS

The present tests were conducted in the 6- by 6-foot
test section of the Langley stability tunnel.
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The model consisted of two rectangular wings of the
NACA 23012 airfoll section. The wings were first cut to
obtain sn angle of 60° sweepbuck and then were fastened
together with steel brackets. The model was cut suc-
cessively to obtain anzles of sweepback of [.5°, 309,

n . For all the wings tested the chordwise dimension

f the wing measured perpendicular to tiie leading edge
was 10 inches. Most of the tests were 1made on wings
having a svan of 50 inches. A few tests of the 00 and 4f
swept-back wings were made with spans of L0.92 and
5¢ inches, resvectively, each model having an uspect
ratio of l..13. The aspect ratino of the wings varied with
each angle of sweepback. (See fig. 1.)

The right wing of each model was equipped with a
plain 0.20c¢ cliord uileron, which had a.span equal to one-
half the semispan of the wing. Vith a change in angle
f sweepback the alleron and wing were cut in such a way
that the span of the aileron remainea equal to one-half
the semispan of the wing. The hinge line of the alleron
was parallel to the leading edge of the wing. The gap
between the alleron and wing was sealed vwith plastecine.

The split flap tested on the model was made of

1
—~inch sheet steel. The flap had a chorcé equal to 0.20¢

4

and a span equal to one-half the span of the wing. The
flap extenced across the center section of the mocdel, with
the flap hinge line parsllel to the leading edge.

Svollers, also made of i%-inch sheét steel, were

teste n the model. The spoiler was mounted forward of

the aileron at the 0.70c position on thé right wing and

extended from the inboard end of the alleron to the wing

tio.
f the tests the tips of the wings were

tips of revolution, but drooped tips were also tested on
ack wing. Drooped tips increased the span
58 inches. (See figs. 1 and 2(a).)

#
The mofde vas mounted on the three-strut support and

because the angle-of-gttack sting for angles of sweepbuck

of 300, [;5°, and 60? was long, & cross bar was required

to furnish-additional rigicdity to the model. (See

figs. 2(a) andé 2(b).)
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I A11 the tests vwere run at a Jdynamlc pressure of

S 29,7 pounds per sjuare foot. This vualue corresponds to

! a Mach number of about 0.165. The Reynolds nunber varied
from about 990,000 to avout 1,980,000 because the chord

of the wing, measured parallel to the axis of symmetry,

was a function of sweep.

For each of the swept-back wings, tests were made
at 0° and #5° yaw. For cach of these yaw angles the
uncorrected angle of attack was varied from -8% to 26°
in 2° increments, For each angle of sweepback, tests
were also made at 0° and 10° angle of attack for varying
yaw angles. The angles of yaw for these tests were 0°,
| 12, £20, #5O0. £10°0, %159, #20°, and #250.

The alleron tests were muade with angles of 0° and

! 1150 gdeflection for each sweepback angle. The split flap
{ C tested was set at a deflection of 60°, 1In each case the

angles of cdeflection were measured in a plune perpendicular |
{ v to the leading edge of the wing. [

Although the spoller height in inches was constant
for most of the tests, the spoiler height in fruction of
chord was not constant. For 0° sweep the spoiler deflec-
tion was 0.10c, for the 30° swept-back wing the .spoiler
deflection was 0.087¢c, for the E5° swepteback wing the
spoiler deflections tested were 0.035¢ and 0.07lc, and
forathe 60° swept-back wing the spoiler deflection was
0.025¢,

CORRECT IONS

A static calibration of the model'setup was made and
the angular deflections of the model due to pitching loads
were determined. The data were corrected for the chunges
in angle of attack c¢aused by pitching moments.  No tares

. were taken for the support struts, angle-of-attack sting,
and cross bar, T o

- "3ince no systemutic tumnnel corrections for swept-,
back. wings have been investigatéd; approxlmate .correc-"
tions for tunnel-wall effect were applied to the drag and

) rolling-moment coefficients and to the angle of attack.

1 The following approximate corrections were applieds:
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q
LCx = =By % CLt D

Aa = 57-5 6‘; 'E:-) CLt

AC; = KCpg

where
bw the boundary correction fuactor obtalned from
reference 5
S wing area
C tunnel cross-sectional area, 36 square feet
| CLt ., uncorrected 1ift coefficlent
| C;t uncorrected rolling-moment coefficlent l
{
{ .
K a correction factor from reference é corrected !
{ for applicatlion to these tests by taking Into {
account the changes of model and tunnel size
The following table gives values of the correction
fuctors used for each of the swept-back wings:
A S ) 5
(deg) A (sq £t) O B
0 L.12 2.82 o.1uz 0.02
0 Z.os 3.L5 .15 .02
io CL.36 -B.gL .15y .02
5 2.56 LBt V154 .03
L5 . .13 5.66 .163 .03
L5 (arooped tip) l..02 5.81 . .163. .03
- .60 : 2.52 6.89 f - .15k .03 .

No corrections were applied to the data to take into
account the tunnel-wall effect'on the model at large yaw
angles when the wing tips were very close to:the tunnel

Y
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wall. The curves on the figures are showrn dashed for
that range cf yaw angle for which the data probably were
most seriously affected by wall interference.

DISCUSSION

The basic data obtained from these tests are presented
in figures 3 to 35 and an index of these figures is given
in table I. Some results are summarized and compared with
theoretical results in filgures 36 to L3, A comparison of the
data of figures 3 to 35 indicates many Jdifferences between the
characteristics of a wing with no sweepback and wings with
large amounts of sweepback. These differences are
particularly noticeable for the variation of 1ift, pitching
moment, and rolling moment with angle of attack.

Plain wings.- The decrease 1n the slope of the 1lift
curve With sweepback and aspect ratio 1is shown in
figure 36 with an estimated curve. ,

The maximum 1ift coefficlent of the wings without
flaps was approximately independent of the angle of
aweepback, but the angle of attack at maximum 1lift varied
nearly inversely as the cosine of the angle of sweepback.

The shape 5f the curves of 1lift and pitching moment
of the highly swept-buck wings as a function of ungle of
attack are decidedly nonlinear (figs. 3(a), 10(a),
and 1%*(a)). The wing with 50° sweepback at about Cp,=0.3

and the wing with L[5 sweepbuck at about Cy, = 0.75 show
an increase in the slope of the 1lift curve und a diving
tendency, indicated by the sudden change in slope of the
pitching-moment curve. These characteristics indicate

an increase in load at the tins, possibly accompanied by
a rearward shift of the center of »ressure at each section.
Tuft observation at this attitude indicates the air flow
to be rough and nearly parallel to the wing leading edge
near the root and center narts of the wing. At higher
angles of attack the expected tin-stalling tendency of
swept-back wings was encountered; this tendency 1s indi-
cated by the rounding of the 1lift curve, by the unstable
slope of the pitching-moment curve, and by large increases
in drag. The longltucinal-force coefficlent near Clpax

1s at least 5 times as great for the wing with 60° sweep-
back as for the unswept wing (figs. 3(b) and 27(b)). The
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450 8Weephacly had no appreciabie effect op the ungtupye
pitching-moment Slope Caused by tip stalling (fig, 11(a)),

e
tunne} emispgn model of Qo SWept-bge s tupereq
wing hag Shown qualithtively these Same 14r¢ and pitching
moment Tacters sty * The wingg with go 300 Sweep

&ck dig ow Unusug} effecty encountered with

. »
'(fig.'ao(a)). The valye °f C; at which 1rregularlties
“‘oceur is lineapr runction of sweenback, 83 are the valueg
of Cr, at which tip stalling is indicated by the abrupt
Positive ¢hange in the Slope or the pitching-moment curve

" Thé adversge effects op longitudinal-stnbtltty'br
Plain wings caused by large &mountg op wgepbuck'are
Shown by the Curveg o aerodynamic €enter gg a function
of lift.coerricient (fig, 37). The CUrves for the )50

s

3
yawed. pop the ggo SWept-beck wing the 1ift wagq hearly
1ndependent of angle of yaw (rig, 5(a)). .

as indicated by -the decreage in the rolling Moment that

tendeq to ralse..the forwarg wing, (For exumnle, rig, B(c).)

" The Tate of.
wighnangle of ygw CZW was smgjj and nearly the Same
26ro':]115¢ Coelfict ent for w331 Wings te

Valus op. c - o &

e

S e g,
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unswent wing of aspect ratlo 6 corresvonds to about 20°
effective dihedral. The rates of chunge of CLV with

11ft coefficient measured at small 1lift coefficlents
(from the curves of fig. 30) are plotted agalnst angle of
sweebback 1ln flgure 39 wlth an estimated curve.

The value of 8Cyy/3CL,  for the unswept wing (0.001)
nrobubly can be attributed to the effects of the nearly
Ilunt tlp shapes (reference 7). )f the total value ol

l-/’CL for the swept-oack wings, possibly

( CLV/CCL) = 0.001 may be attributed to the effects of
ti» shape. .

The drooped tips tested on the i15° swept-back wing
acted somewhat as a low-aspect-ratio surface wilth negative
dlhedral and thereby recduced the values of Cry by about

0.0006 at €7, £ 0.1 and by about 0.001ll, at Cy, ¥ 0.7
(for drooped tip 2). (See fig. 12(c).) The unlfavorable
luteral-stablility chardcteristics of wings with large
sweepback can be reduced by the ‘'use of a drooped tip
because the drooped tip decreased CIW in proportion to

an increase in Cg,.

. The side force and yawing moments change raplcély and
irregularly when the wing 1s va:ed at 1ift coefficients
greater than the critical values when the dlving moment
occurs. At small 11ft coeffliclents the directional sta-
bility cnw 1s small but.favorable, except for the

€00 swept-back wing at negatlve ‘C1,, &nd lncreases as
some power greater than the first power of the abaolute
value of the 1lift coefficlent; this increase indicates
that the yawlng moment 1s caused mainly by the differences
in drag of the two sides of the wing when yawed. The
drooped’ tips lnecreased the directlonal stabillity of the
wing with 4450 'sweepback at small 1ift coefficlents but

had no appreclable effect at large 1lift coefficlents

(fig. 12(c)). p

, Allérons.- The effectiveness of ‘a half-span '0.20c
‘alleron on each of the varlous wings tested 1as indicated
in figure 4O by.the slopes measured-bétveen +15° alleron
deflection for Cy, .= 0.,2. Slimllar variations can be
expected up to a lift coefflclent of 0.5. The marked
decrease in alleron effectiveness with sweepback comblned
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with the marked increase .in Cyw indicates that with

highly swept-back wings the allerons cannot trim out the -
rolling momernt: caused by large angles of yaw., For example,

these data indicate that 300 total aileron angle would be

capable of trimming only 2°, 6°, 99, and 32° angls of yaw ]
for the 60°, L5°, 30°, and 02 swept-back wings, respec- '
tively, at the 11ft coefficients corresponding to maximum

Cyy with flaps neutral (fig.: 38). The curves of

figures 5(c), 15(c¢), 22(c¢c), and 29(c) show that as the
angle of sweepback is increased, the aileron on the rear-
ward wing when yawed becomes progressively less effective

" in producing rolling moment and the sileron on the forward
wing becomes more effective. For the L5° and 60° swept-
back wings the alleron on the rearward wing when yawed
becomes relatively ineffective. Upward deflection of the
alleron on either wing appreciably reduces the slope Cky.

Because Crg &and c;a decrease with increases in

sweep the ¢amping in roll could also be expected to «
decrease. Thc ailerons therefore may be capable of pro-

I ducing satisfactory rates of roll on hizhly swept-back

{ wings., L

vt s s o

{ The small changec in pitching moment caused by aileron
deflection indicates that wing-tip elevators having swept-
back hinge lines would be relatively ineffective on highly
swept-back wings..

o A

oi1ers.- The effectiveness, in producing rolling
momen ¢l nearly half-span spoilers located at 0.7c on
the upper surface of the wing is summarized in figure 4l.
For the wing with an anglé of sweepback of 60°, the
0.025¢ spoiler protuced rolling moment in the wrong
direttion. The ineffectiveness of the spoiler on the
swept-back wings in producing rolling moment is probably
associated with a very thick boundary layer near the tip
of the highly swept—bacx wings conpared with that of the
unswept wing'.’

The spoiler produced characteristics similar to v
those of the aileron with regurd to the variation of
effectiveness with yaw; that is, ‘the spoiler on the highly

swept-back wings was totally ineffective on' the rearward .
wing but more effective ‘than’ at zero yaw when on ‘the for- *
ward wing,

v
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The rather large and favorable yawing moments pro-
tuced by spoller deflectlon suggest the use of a spoller
us a directional control .device. Rolling moments can be
produced by spoiler attion indirectly by causing favorable
sideslip. . t.

Split flaps.- The effectiveness of half-span
0,20c”spIIt T'laps deflected 60° in changing the 1lift at
0° angle of attack angd in oroducing an increment 1ln
maximun 1ift 1s indicated in figure L2. The estimated
curves (dashed curves of fig. L:2) show that the flap 1s
producing about all the increment in (Cj at 0° angle of
attack that can be expected. The flap produced no 1ncre-
ment 1in Chnax for the wing with 60° sweepback. In fact,
the flap may even produce a decrease 1ln Clpuy Dot indi-
cated by the datu obtalned. iiaximum 1lift of the 60° swept-
back wing without flan was not obtalned because of limita-
tions of the apparatus. The value of (j at moderate
angles of attack was, however, appreciably lncreased by
deflection of the split flaps.

For the swept-back wings, deflectlion of the flap diad
not appreclably change the'value of Chy at small values
of Cy, but at high values of (Cj the value of CLW was
changed conslderably. At lurge values of (j, the one

‘value obtained with flap deflected and the wing at approxi-

mately 11° angle of attack indicated values of Ciy

of 0,0046 for the 30° and 0.0055 for the L5° and the
60° swept-back wings (fig. 38).

On the wings with 202, },5°, and 60° sweepback the
split flap tested was nearly self trimming in pitch. The
slopes of the pitching-moment curve throughout the 1lift
range were not uppreclably altered by deflectlon of the
split flap. . . :

Estlmated chuaracteristics.- The simple concepts
suggested In reference | have been used to estimate
certaln characteristics of the swept-back wings from the
measured characteristics of the unswept wing. These
concents Involve the assumptlion that changes 1n sweep-
back angle, obtained by plvoting .the semlspan of u given
wing about an axis in the plane of symmetry, affect the
loading over each semispan only insofar as sweep affects
the components of velocity normal to the leading edge and
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the anzles of attack of' these velocity components with

respect to the plunes of the wing semispans. Vihen the 5
wings are swept back in the manner indicated (that 1is,

the-areas of the wing nanels and the span measured parallel

to the leading edge are malntained constant), the followin
characteristics are indlcated:

1

7 (?L“)A=a cos A

Cl5a o (Claa),_ cos? A

b=

and for a glven spllit flup or spoller deflection

(tCI)Azi cos2 A .

(ﬁCL)A=O cos? A

The areas of the wings used 1n the.oresent lnvesti-
sation were lncreased by extendlng the wing tips 1n order
to maintaln constant span as the angle of sweepback was
Increased.: In order to apply the concepts of reference 1
consistently, therefore, 1t seems reasonable to correct
the data for the unswept wing tested to the aspect ratlo
of unswept viinge having the same wing-panel plun form as
the swepi-baek wings, as well as to correct for the
effects of swsep on wings of 'constant wing-panel plan:
form. On thils basls, the following equations may be
written (the plunes In which the variables are measured
belng taken into account):

| aCy,

]

| ¥ [Cl

(CLu A=0.ﬂ cﬁs.A : : "

CLa

) Lo

C15y = (Ciog s Ml ces? A
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and for a given split flao or snoiler deflectlon

aAC1, = ([ r)._‘ n cos< &

(=t
'—l
'-.l
=
[¢]
.

in which the fuctors mn and n! ro cefined as

)

<.':.en + 2 =0

< Sreh + l)
( A ">A =0

In the foregoing factors the subscript O refers to
unswept wings hav*na the same wing-panel shave us the
swept-back wings, and the subscript A = 0 refers to the
wing tested with zern sweevnback. The factors Xe

and EB'e are the offactive edge-velocity correction
factors for ungle-of-attaclk loading and for rolling moment,
respectively. (See roference l.)

The estimated characteristics aro indicuted by the
dashed curves of figures 36, L0, L1, and 42. TInspection
of figures 36, L0, and L2 shows that the experimental
data for the slope of the 1lift curve CL,» the aileron

effectivoness Clﬁa’ und the snlit flap effectiveness
(ACL)a=0 were slightly lower tnan the estimated curves.

This variation indicates that the velocity-couponent
concept underestimates the effects of sweep on these

— o —
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characteristics, The increment of rolling moment caused

by spoiler deflection (fig. L11) decreased much faster .
with sweep than the estimated curve. This variation is

probably attributable to the fact that the boundary layer

is carried toward the tip as the sweepback 1s increased »
and also to the decrease in effective spoller deflection

with sweepback.

By means of the previously discussed concepts, Betz
(reference 1) derived an expression for the rolling-moment
coefficlient caused by sldeslip as affected by sweep. 1In
Betz's analysis, however, the type of sweep considered
was one in which the leading edge of the swept wing waa
maintained in & horizontal plane regardless of the angle
of attack of the wing. This type of sweep represents a
condition in which the asngle between the planes of the
left and right semispan wings (‘dihedral angle) varies
with angle of attuck and does not apply therefore to the
configurations of the wings considered in the present .
investigation (that 1s, wings swept in & manner such that
the angle between the planes of the right and left semispan 0
wings is maintained at 180°, or zero dihedral, regardless
of the angle of attack). An equation, based on the same
simplified assumptions made by Betz (reference 1), hus
been derived to apply to the wings (swept in the manner
Just discussed) of the present investigation. This egqua-
tion, which gives values of ch equal to one-half those

obtained by Betz, 1is as followss

c
CL\|,=-—1—-—I-"tanA

573 4

The dashed curve of figure 59 was obtained by adding
to the value of &Cy, /0C;, caused by sweep, as determined

of bCzw dCL, A=0°* The agreement between the experimental

angd estimated curves is good but may be fortuitous because
of the assumptions made in the derivation of the theoe
retical relationship.

fl .
. o

CONCLUSIONS

Results of tests in the Langley stability. tumnel of
untapered constante-span wings having angles of sweepback
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of 09, 300, L5090, and 60° indieated the following effeets

"+ of sweepback ‘on ‘stability and'éontrol churacteristies:

1. Large changes 1in longltudiinal stability oeeurred
at moderately large 1lift eoefllclents for the wings with
52 and 60° sweepbaek.

2. The rate of change of rolling-mouient coefifieient
with anzle of yaw increased with 1lift eocefficient and
nearly as the %tangent of the angle of sweepbaek. All the
swept-baek wings with flups nentral reached & maximum
value of rate of change of rolling-nmoinent coeffieient
with angle of yaw of about 0.0CL. Wwith flaps defleeted
rate of change of rolling-moment cosffieient with angle
of yaw Increased to about 0.0055 at some 1lift eceffieient.

3. Drooping the wing tips deereased the rate of
ehange of rolling-rmoment eoefficient with angle of yaw,
and ths reductien increased with inerease in 1lift eoef-
flelent, I:ooning the tivns anpeared to be a promising
means of recueiuyg the unfuvorable lateral-stabllity ehar-
aeteristies of wings with lurge sweepback.

li. Alleran effectiveness as measured by the slope
of the eurve of rolling-moment coefficlent plotted against
alleron angle deereased with angle of sweepbaek about as
much as would be expscted from simnle theoretical con-
slderatlions. Thls faet eomblned with the large inerease
in lateral stab!1lity with sweepback indicated that, with
highly swept-bLaek wings, the aileron eannot trim out the
rolling moment eaused by large angles of yaw.

5. The small ehange in pitehing moment eaused by
aileron defleetion indicated that wing-tip slevators
having swept-baek hinge lines would be relatively ineffee-
tive on highly swept-bael: wings.

6. The maximum 1ift eoeffieient of the wings without
flaps was approximately independent of the angle of sweep-
baek, but the sngle of attuekx at maximum 1ift varied
nearly inversely as the eosine of the angle of sweepbaek.

7. The split-{lap effeetiveness at 0° angle of attaek
deereased with sweepbaek. The Ilnerement of maximum 1ift
eoefficient with flaps defleeted deereased with inerease
in sweepback and the maximum 1ift eoeffieient for the
60° swept-back wing may be less than that with Slap
neutral.
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8. Spoiler effectiveness in nroducing rolling moments
decreased with sweepback much faster than would be indi-
cated by the simple theory. The large and favorable
yawing moments produced by the spoller indicated that
spollers may be of some use in directional control.

Langley Memorial Aeronautical Laboratory
. National Advisory Committee for 2eronautics
. Langley I*ield, Va., March 26, 1946
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TABLE 1 - INDEX oF FIGURES

. Angle of

Aspect
! Figure sweffback"razio Model configuration Da:gafiggted
de
' e (deg) |

; ﬁ 60 2,52 Plain wing a
H 60 2.52 Wing + alleron a
2 60 2.52 Wing + 8lleron U
60 2.52 Wing + Spoiler a
g 60 2,52 Vilng + Spoiler v
60 2.52 Wing + gpiy¢ flap a
60 2.52 wing + spiyt flap v
10 Ls L.13 Plain wing a
[ 11 L5 L.o2 Wing + droopeg tips a
j 12 45 4,02 Wing + droopeq tips v
pboe 1 L5 3.56 Plajin wing a
! 1 L5 3.56 Wing + alleron a
{ 15 L5 3.56 Wing + alleron v
a4 16 L5 3.56 Wilng + spoiler a
1 L5 3.56 9ing + gpoijer v
1 L5 3.56 ilng + split flap a
19 L5 i 56 Wing + split flap v
| 20 30 .36 aln wing a
i 21 30 L.3¢ “ing + aijepon a
i 22 30 L.2¢ Ying + ajleron v
; 2 30 L.36 Viing + spoilep a
! 30 L.36 “ing + spojjen W
! 2 30 L.36 | ywing", Split flg a
i 2 30 L.36 Wing + spiy¢ flap v
l 2 o] 5.03 aln wing - a
2 0 5.03 Wing + alleron a
| 29 0 5.03 Wing + ajleron W
f 30 (o} 5.03 Wing + 8poiler a
3 o] 5.03 Wing + Spoller v
32 0 5.03 Wing + Split flap a
3 0 2.05 Wing + spi1i¢ flap v
: 3 0 .13 Plain wing a
35 0 4.13 Plain wing v

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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